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Introduction
Acute pancreatitis is the inflammation of the pancreas as a result of pre-mature activation of the pancreatic enzymes leading to auto-digestion and inflammation.
The Atlanta's classification is the most commonly used classification of acute pancreatitis. [1] It defines acute pancreatitis as acute inflammation of the pancreas which is further classified into mild, moderate and severe forms. Mild acute pancreatitis refers to an attack with no organ dysfunction, local or systemic complications and usually resolves in the first week. Moderately severe acute pancreatitis is defined by the presence of transient organ failure, local complications or exacerbation of co-morbid disease. Severe acute pancreatitis is associated with persistent organ failure, with or without local complications, for more than 48 hours. Local complications include peripancreatic fluid collections, pancreatic and peripancreatic necrosis (sterile or infected), pseudocyst and walled-off necrosis (sterile or infected).
The majority of patients suffer from mild disease but around 20% may suffer from severe disease with local and systemic complications. [2, 3]The use of advanced endoscopy is dramatically changing the management of these patients. Although morbidity and mortality is usually encountered in the group with severe pancreatitis,, it is wise to treat every patient aggressively until disease severity has been established. The goals of initial management are fluid replacement, electrolyte balance, caloric support, and prevention of local and systemic complications.
Gallstone is the leading cause of pancreatitis and accounts for 30-60% of patients in most series.
[4-8] Endoscopic retrograde cholangiopancreatography (ERCP) is most helpful in patients with incarcerate bile duct stones and concomitant cholangitis and pancreatic ductal disruption. Endoscopic ultrasound (EUS) guided therapy is replacing surgery in the management of pancreatic fluid collections.
Role of early endoscopic retrograde cholangiopancreatography
Acute biliary pancreatitis is believed to result from transient obstruction of the common bile duct (CBD). [6-8] The majority of stones will pass out spontaneously. However, some patients will suffer from persistent obstruction and the duration of CBD obstruction is believed to be a critical factor contributing to the severity of pancreatitis.
[6] In patients suffering from acute cholangio-pancreatitis, ERCP may provide drainage and relieve the obstruction caused by the presence of a persistent common bile duct stone.
Two early meta-analyses summarized the outcomes from 4 initial randomized trials. [9, 10] The results were controversial. (Table 1) The results from the United Kingdom and Hong Kong studies showed that early ERCP reduced the odds of having complications in patients with predicted severe disease. [11, 12] However, the effect was not significant in mild disease and the reduction in mortalities was also not significant. On the other hand, the Germany study, which only included patients with acute pancreatitis without obstructive jaundice, showed no significant differences in mortalities and morbidities in both groups.
[13] The Polish study was the only study demonstrating the significant reduction in mortalities and morbidities in both mild and severe disease. However, the results of this study should be reviewed with caution and the study was only published in abstract form. [14] After that, two more randomized studies had shown that ERCP in patients without biliary obstruction and cholangitis offered no benefit. [15, 16] These results were included in two more recent meta-analyses which showed that early ERCP in patients with biliary pancreatitis without acute cholangitis did not result in reduced risk of local pancreatic complications, overall complications and mortalities. [17, 18] The Dutch Acute Pancreatitis Study Group had performed a prospective, multicenter study on 153 patients with predicted severe acute biliary pancreatitis without cholangitis who were randomized to conservative treatment or ERCP within 72 hours after symptom onset. [19] Patients without and with cholestasis and/or dilated common bile duct were analyzed separately. They found that early ERCP was only beneficial to the cholestasis group by lowering the complications rate.
The current AGA guideline on gallstone pancreatitis is that, urgent ERCP should be performed in patients with concomitant cholangitis and this should be done within 24 hours after admission. [20] While in patients with high suspicion of a persistent common bile duct stone, early ERCP should be performed within 72 hours after admission. A numbers of studies have attempted to look at the predictive value of ultrasound, biochemical or clinical factors in patients with low to intermediate probability of ductal stones. [21] [22] [23] [24] [25] Where used in isolation, these factors all suffer from low sensitivity. However, when used in combination, the variables can help the clinician predict the probability of the presence a CBD stone.
Who to perform endoscopic ultrasound on?
Endoscopic Ultrasound (EUS) combines endoscopic visualization with 2-dimensional ultrasound and is well suited for biliary imaging given the close proximity of the extrahepatic bile duct to the proximal duodenum. (Figure 1 ) Both radial and linear array echo-endoscopes are excellent in detecting common bile duct stones, with a reported sensitivity of 89% to 94% and specificity of 94% to 95%. [26, 27] The benefit of EUS would be most pronounced in patients with intermediate probability of CBD stones. The advantages include the avoidance of the risk associated with a diagnostic ERCP and ERCP can be performed in the same session if stones were detected. [28] Two meta-analyses have showed that both EUS and magnetic resonance cholangiopancreatography (MRCP) demonstrated excellent efficacy in diagnosing choledocholithiasis. [26, 27] The reported pooled sensitivity and specificity were around 90% for EUS and >95% for MRCP. Furthermore, the use of EUS to select patients for therapeutic ERCP has a significantly lower risk of complications as compared to performing diagnostic ERCP for detecting CBD stones. 
Pancreatic pseudocyst
It is estimated that 15 to 30% of patients will suffer from severe pancreatitis that is characterized by the presence of local complications including pancreatic necrosis, pseudocyst and abscess and organ failure. [20] Pancreatic pseudocyst is a collection of pancreatic juice enclosed by a wall of fibrous or granulation tissue, occurring at least 4 weeks after the onset of symptoms. (Figure 2 ) Clinical presentation of pseudocysts varies, ranging form asymptomatic to life threatening condition. Intervention is indicated if patients are symptomatic, suffering from complications, with size greater than > 6 cm, increasing in size or if it does not resolve after 6 weeks.
When compared with surgery and percutaneous methods, endoscopic drainage of pseudocyst is less invasive with decreased risk of morbidities. It can also provide direct access to the cyst.
Endoscopic drainage of pseudocyst can be performed under esophagogastroduodenoscopy (EGD) or EUS guidance. An EGD-guided puncture is essentially a blind procedure, as this requires bulging of cyst into the stomach for localization. Furthermore, there is a risk of bleeding from interposed vessels and also mal-positioning of the stents during the procedure. EUS overcomes these difficulties and has been shown by two randomized studies to be associated with higher rates of success (100% vs 33% & 94% vs 72%) with comparable morbidities. [29, 30] The outcomes of EUS-guided pseudocyst drainage were reported in a number of studies. [31] [32] [33] [34] [35] A high success rate ranging from 82 to 94% with an acceptable complication rate of 9.1 to 33.3% were reported. These studies demonstrated the feasibility and efficacy of the procedure.
Endoscopic drainage of pseudocyst is usually performed with combined EUS and fluoroscopy guidance. EUS is first used to identify the optimal site of puncture that is free of intervening vascular structures. (Figure 3 ) The pseudocyst is then punctured with a 19-gauge needle and the track dilated with a needle knife or cystotome. A guide-wire (or double guidewires) is then advanced via the needle under fluoroscopic control. At least two loops should be formed before the needle was withdrawn to prevent dislodgement of guidewire during manipulation. A cysto-gastrostomy is then created and dilated to 6-8mm. Two or more double pigtail stents is then inserted. (Figure 4 )
The results of 20 EUS cysto-gastrostomies were compared with 10 surgical cysto-gastrostomies in a retrospective review. The success rate, complication rate and re-intervention rate were similar in both groups. The author concluded that EUS-guided cysto-gastrostomy, should be considered as first-line treatment because of a lower cost and shorter hospital stay, with no difference in clinical outcomes. [36] A recent randomized trial comparing endoscopic and surgical cysto-gastrostomy for pancreatic pseudocyst drainage also produced similar results.
[37] Varadarajulu et al showed that endoscopic treatment was associated with shorter hospital stays, better physical and mental health of patients, and lower cost. 
Forward-viewing vs oblique-viewing EUS in drainage of pseudocyst
Conventional echoendoscopes are oblique viewing devices and the angle of the instrument channel results in tangential puncturing of the pseudocyst. This may lead to inadequate transmission of force during insertion of the stents. Furthermore, re-cannulation of an angulated track for multiple stent insertion may be difficult after tangential puncturing.
Recently, forward-viewing echoendoscopes have become available. This device allows forward sonographic imaging, with an axis for puncturing and insertion of stents being parallel to the direction of the scanning plane. In contrast to the oblique-viewing device where tangential puncturing results in an angulated track, the forward-viewing endoscope allows for insertion of the needle along the same plane as the direction of scanning.
Voermans et al studied the performance of forward viewing versus oblique viewing EUS in drainage of pseudocyst under a multi-centered setting. [38] Four tertiary centers and 58 patients with pseudocyst greater than 6cm in size were recruited. There were no differences in the procedural time, ease of the procedure, morbidities and success rates.
Pancreatic necrosis and abscess
Pancreatic necrosis is characterized by diffuse or focal areas of non-viable pancreatic parenchyma, which is typically associated with peri-pancreatic fat necrosis. Radiologically, it is defined as non-enhanced pancreatic parenchyma greater 3 cm or when more than 30% of the area of the pancreas is involved on the computed tomography. (Figure 5 ) For the treatment of pancreatic necrosis, open necrosectomy was once considered as the standard definitive treatment. (Figure 7 ) However, it was associated with many problems such as intraoperative collateral tissue damage, bleeding, worsening organ failure due to surgical trauma, multiple operations, stormy postoperative course, lengthy stay in the intensive care unit, incisional hernias, new-onset diabetes, and for the use of pancreatic enzymes, with a high morbidity up to 95%. [39] [40] [41] [42] The mortality of open necrosectomy is high, almost 40-75%, particularly if performed early. [40, 43] 
Endoscopic necrosectomy
Recently, pancreatic necrosectomy has been performed by the endoscopic approach. [44, 45] This was achieved by either the percutaneous retroperitoneal approach or the transgastric approach. Endoscopic approach has been in favor, as it leads to reduced inflammatory response and decreased complications. [46] 
Percutaneous retroperitoneal approach
Percutaneous retroperitoneal pancreatic necrosectomy allows the use of high volume postoperative lavage that can be performed under local anesthesia. [47, 48] Percutaneous drainage was first achieved with ultrasound-guided pigtail insertion. The track was then dilated to allow for insertion of a 30Fr drain and this would be used later for introduction of a 9.8mm endoscope. On insertion of the endoscope, the necrotic pancreas was seen within the cavity with surrounding pus and turbid material. (Figure 8 ) The procedure could be done under fluoroscopic guidance. (Figure 9 )
The cavity was irrigated generously with saline to flush out the material. Endoscopic necrosectomy was then performed to remove the necrotic pancreas. This could be performed with a number of accessories including forceps, snares or grasping forceps. (Figure 10 
Endoscopic transgastric approach
The results and techniques of EUS transgastric drainage in walled off pancreatic necrosis were well reported. [49] [50] [51] [52] The procedure begins with the insertion of stents under EUS guidance, followed by the dilation of the track to allow transmural introduction of the endoscope into the walled of pancreatic necrosis for necrosectomy. Repeated endoscopic debridement could be performed via the same route and it is indicated when there is lack of window for percutaneous drainage. Figure 10 showed the necrotic materials that were removed.
The transgastric approach can avoid the complications associated with the percutaneous approach including bleeding, visceral perforation and the risk of pancreatico-cutaneous fistula. Furthermore, the approach provides a more direct approach to the necrotic cavity. However, with this approach, one cannot monitor the output of the drainage material and also, the presence of a fistula may lead to possible contamination of the abscess cavity by gastrointestinal contents.
The outcomes of endoscopic necrosectomy were recently reviewed. [53] Between 1990 and 2009, 10 case series including 260 patients with 1100 endoscopic necrosectomies were performed. The overall mortality was 5% and the mean procedure-related morbidity was 27%. Bleeding was most common complication followed by exacerbation of sepsis and free perforation. Complete resolution of the pancreatic necrosis was achieved by endoscopic means alone in 76% of the patients.
In a Dutch multi-centred randomized study, 88 patients with infected necrotizing pancreatitis were randomized to endoscopic step-up approach or open necrosectomy. [54] In the endoscopic step-up approach, both the percutaneous left retroperitoneal and the transgastric routes were used. The step-up approach had shown a number of benefits, including significantly decreased rates of major complications, new-onset multi-organ failure and also the need for intensive care admission. In addition, the rates of incisional hernias and new-onset diabetes were also significantly reduced. 
Retroperitoneal or transgastric approach for endoscopic necrosectomy
Currently, there is no study comparing which approach is superior. Both approaches are complementary with their respective benefits and risks. Their application will depend on the anatomical location of the collection and should be tailored according to the patient. Bleeding is the most common complication encountered. [54] It could happen during the dilatation of transmural tract debridement of necrotic materials. Care should be taken on necrosectomy as any trauma to blood vessels could result in catastrophic bleeding, especially if branches of the splenic artery or vein were injured. The use of EUS can enhance the identification of vascular structure and reduce the risk of bleeding.
Is irrigation necessary?
A number of studies have reported on the use of repeat endoscopic irrigation as a part of the treatment in endoscopic necrosectomy to improve outcomes. [49, 51, [55] [56] [57] [58] [59] [60] [61] (Table 2) It was performed via an external nasocystic or percutaneous drainage. Dissolution of necroses could be achieved through liquefying the necrotic material through constant flushing and drainage of debris. On the other hand, Jurgensen et al found that neither endoscopic nor external flushing was needed for successful endoscopic treatment for symptomatic necroses once they were grossly cleared mechanically by endoscopy and the discomfort from the use of nasocystic or percutaneous drainage could be avoided. [62] Stenting alone demonstrated good short-and long-term results. It can lead to avoidance of repeated and lengthy procedures, immediate mobilization, better tolerance by patients and potential reduction of hospital stay. 
Is immediate necrosectomy necessary for infected pancreatic necrosis?
While various guidelines have advocated surgical necrosectomy for patients with infected pancreatic necrosis, [63, 64] the issue of conservative versus surgical treatment for infected pancreatic necrosis has been intensely debated. [65] Current evidence suggests that conservative treatment might be successful for infected pancreatic necrosis in a proportion of patients. [66] [67] [68] [69] [70] [71] In the recent decades, a number of case series and comparative trials, as well as a metaanalysis, have shown that primary conservative treatment could be successful for infected pancreatic necrosis. [66] [67] [68] [72] [73] [74] [75] [76] (Table 3 ) However, patient selection bias and/or publication bias in these case series, which have shown a successful outcome following conservative treatment for infected pancreatic necrosis, could be taken into account when interpreting these results. Mouli et al, in a systemic review and meta-analysis, analyzed 8 studies that have reported conservative treatment as the initial and primary treatment for all consecutive patients with infected necrosis to minimize these biases. [76] They found that conservative management was successful for 64% of patients (95% confidence interval, 51%-78%) and mortality was 12% (95% confidence interval, 6%-18%). Among 324 patients included, 26% of patients required necrosectomy or additional surgery for complications (95% confidence interval, 15%-37%).
Conservative treatment for infected pancreatic necrosis should include intensive care with full organ support, use of effective antimicrobials, and aggressive nutritional support. Percutaneous drainage, despite it is a form of intervention and not truly conservative, has also been considered a part of conservative treatment because it does not involve surgery or formal necrosectomy in some of the reported studies. [77] [78] [79] [80] Reference ( The principle for the indication necrosectomy is shifting from infection-based to organ failureor complication-based. While conservative-first approach is a reasonable approach for the management of infected pancreatic necrosis, it is important to recognize those patients might require necrosectomy later as a step-up therapy at an appropriate time. [76] Indications for necrosectomy include nonresponse to conservative treatment and development of local complications such as bleeding and colonic perforation. Extend and infection of pancreatic necrosis correlated with the development of organ failure and mortality in acute pancreatitis. [81, 82] Large amount of thick necrotic debris at difficult-to-drain locations and resistant organisms could be the reasons for failure of conservative therapy. Two studies sought to identify the predictive factors for the need for early surgery. Zerem et al showed that Ranson, Glasgow, and APACHE II scores, CTSI, and C-reactive protein could predict the need for surgery in their patients, but the 95% confidence interval showed that none of the factors were found to be a significant predictor. [73] Garg et al showed that high APACHE II score and serum creatinine level were predictive of mortality. [66] Unfortunately, no predictive factor that could guide a clinician to move towards early surgical intervention was identified in the currently available studies.
Conclusion
In conclusion, the use of advanced endoscopy is dramatically changing the management of patients with acute pancreatitis. With continued advancement of technology, there is a diminishing need for open surgical intervention. Management of these patients is best under a multidisciplinary team consisting of gastroenterologists, radiologists and surgeons.
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